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p l i s  paper offers a brief 3iscussion of ' the present Gemini abort philosophy 
in the  region just  prior t o  insertion- hborts i n  t h i s  f l igh t  regime a re  
known as Mode N aborts. Specifically the paper is an  attempt to:  (1) pro- 
pose a M c d e  N boundary, (2) Wicerte insertion conditions for  1.5 revolutions 
result ing fmn an abort i n  t h i s  =&e, slnd (3) present two methods for deter- 
mint ig  i n  real t i m ?  the require3 Lncraental  velocity (AV) t o  be added vfa 
the  GAMS to obtain 1.5 orbits. 

The two-msn Gemini spacecmfi, Cesigned for rendezvous and long duration 
missions vill generally carry 
fbel (depending on the p a r t i c k -  nission). 
between conditions t o  land i n  +&e l a s t  Atlantic recovery area and insertion, 
t'he OAMS fuel may be used t o  cb'ats 1-5 revolutions ( t o  f ac i l i t a t e  water 
recovery). For t h i s  discussim, X d e  N is defined as those SECO com3itiocs 
that d d  result i n  the Cemini spaceceraft having exactly 1.5 revolution 
capability (Y2, y2 and he) after the t w o  af t  OAMS thrustera were burned 
(at 0, 0, 0 )  for  a fixed time- 

350 to 700 pounds of maneuvering (QWS) 
In the  event of a GLV shutdum 

DIsCUSSXW AND IUBULTS 

pigme I presents the appl icabh portion o f  the  kmch trajectory. 
this study, the i n i t i a l  launch azLzitk * i s  72 deg-ees and the spacetn-ct 
weight was 6700 pounds. 

In the event of ar: early GLV sbPZis~, Y i g u r e s  2 and 3 ic9icate the 3x0 
boumiary conditions which beg%= :be Fde N regtoa. 
bcnxx3ax-y t w o  84 pound OAMS t ~ z e r s  were burned at 8, 00, 00 a t t i tude  for 
4(#, S~ZOIKIS (nozzle lifetime). %e L-II~ l ines  cn figure 3 requfre xm 
thsn the  400 second burn time, 2x5 ax! sti l l  within fuel  limits. The off 
Mniml flight-path angles were coxitiered t o  be at the  smc al t i tudes 2s 
the naninal trajectory. 
deternine this boundary; whe--eizs, :ke h i e  111 boundaries shown were 
d e e m f w d  dtl~ the 59 crtmcs~kere (- 17 @s ayft?reIICe). 

It is shown i n  figures 4 t h r o e  7 that insertion conditions (for 1.5 revol- 
utions), restxltiry: fmm Mode IV &arts are radically different fran SEX0 
conditions. These changes are dae to the earth's gravitation attraction, 
an inherent thrust  addition fraa the GD goout 100 f ee t  per second velocity 
increase in  20 second4 due t o  '&-off, and the slov addition of velocity 
during OAMS burn (w.8 feet  oer second per second) 

Because of tire changes after SEX& 85 evidenced i n  the above figures, the 
m u e  of the  Mode Tv boundary Ezie  (capability line) is samewhat reduced 
ea a SECO plot. However, t h i s  1- nay be used similarly t o  the Mercury 
cO-FiO/GO line t o  establish &eo %e launch trajectory reaches conditions 
tha t  permi t  an alternative t o  ~ Z L Z Z ? ~ ~  beyond t5e. last Atlantic recovery 
gl"eB- 

F-r 

To Cetermine thl'is 

The 3 5 2 ~ 0 ~ ~  no. 2 atrmsphcre was used t o  

8 shows that fCi* a msd. tmjectory, the 1.5 capabili ty 
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is reached j u s t  bei"0-y conditions to h i t  the last recovery are2 sk3-T of 
Africa (3400 nautical c i les ) .  
*&e %est African C o a s t  l ine 2nd Z-!oCe N bcundaly lSne w i l l  be dismsec !  
In another 'psper c w e r i q  %!de III aborts. 

If a premature engine cutoff occurs a3er  b!&e N boundary is rezc3ed as 
defined i n  figure 2 (i-rsslZe 3 zlsitude linits), the p i lo t  mu& *e izfome? 
of the  AV (incremental ;relocity) that he must add with the OK%:5, E6jp?e 3 
shows how the requirei? .AX vl,ries v:%h SECO V 2nd 7. A t  t h e  bourda-,  2 331 
feet per second increneat takes k20 seconds t o  add, To u t i i i z e  cke kzcst 
velocity and posit ian vector a& t o  include as much of the teil-a?: eiYect 
8s  y s s i b l e ,  a data 'sncctnirg;" techniqxe is employed for 13 s e e d s  efkr 
engine cutoFf. 
separation from the booster, is then sdclec? to give the final ebort rez tor  
(VI, 71 and h). 
QWS AV (because it incl*&es the taill-g,ff velocl t y  incrcmcnt,, %e TI*-- 
p t h  angle and a1tituC.e chmges tkt occur d ~ w - i ~ g  tall-off). 
purposes t h i s  vecLor is call& ;he SSCO +30 vecior. 

To ecccnodate This m o r e  reli251e -rector (as ccm?arc:1 Lo the GSEO ~ e c t o r )  
a series or" r?V ( t o  be nddcd) cu-res f o r  SECO +30 conrii;lons poss3Ze  
ff-om my 3 s  t r a j e c t o r j  'eve been dettcxzlned and are skcm i n  ~>=TS 

ga, gb, and 9c. 
mutical miles. 
at  each of these a l t i t ees  z x q  be read ?q- Lnterpolation. ) BYZ%re ?2 an te 
wed to i l l u s t n t e  that. Il?e c'ha:ze i n  -equZ-ed *'.V i s  no?- l i r?e i r  fn C,itu<c 
8s sreil  as x.-eloc5tF -2 ~ K < c k - ~ t ?  zxlr?. 
off 2t ximid alti,xde -?:b a sczll~crr.ir-d ?-1O.:-~nl;h x c l e  car i n  
sign5flcant a l t i tude  ckzges  kg :aS.-o:-:. T i e x  ni',ltc?c ckn5e;e; can 
cause the OAIIS (AV req-zfre:! lines (wd/m LYicht c o r t r o l  cecislcz l k e s )  
to shift. 
alti-cude extremes and c ~ p u t i y :  te-hniqucs r:e-r:scc' 'Iht iz-?uiie =:?e d z i t u ,  '11 
effects.  

Procedures covering t h e  small crt?, bo%-een 

A c o n s t m t  10 feet per second, to simulate spxxc=?- 

It is th i s  vector vhich is used t o  determine Z?e re+.;frcE 

?e? bisclzssicr: 

It is cbseme3 that tke zlkibudes are f o r  93, 67 a-63 32 
(For z zi-ren v 2.M y the C.WS LV required r9r I.,> ,-fm1xtLons 

L3 ozhe- mr.;;, a? e-Z;- a:- 

merefore, *-kesc 1lr;es have been &t.emine4 =or :hz y-si3le 

Baas& upon f i e i r e s  %, %t?, -id ?c ?rrc Lecfinlqves i w r c  been c-e. .vL-~,  ezc2 
of Vhich may be used is tk! 3 c d  Tme C m y t c r  !ct*~r:~rtxtL@z of iZ' reqiIx-. 

One technique (refereme 1) reqci-.-rz cc-x<?c-.xb!.e s t o m p  swce (---: -. --.-y* I ~ . L -s- 
lo00 Locations) and may best be used Ln the ground computer. Et ~ e 5 e z - d  f -  - 
works as follows: gLven VI, - y ~  znd hl at SECO +30, it interpolazes for IT- 
@red &V at each of twu alt i tudes,  both above 2nd below the c:vm al t i tuck.  
It +hen l inear ly  in teqoh. tes  between these a l t i tudes  for  required CV at 
the given altitude. In mst instances results are consenmtive ( S Z e ;  but 
a small A ,  ~ e d  of 5 t o  10 feet per seconc! may be necessary t o  ccprer extrere 
conditions !low - y ' s ) .  Be second technique (reference 2) employs c m e  
fit methods which for  the nost prt are within 5 feet  per second of the  
required AV. Althouglb this riethd has not been thoroughly check&, it is 
estiPated tht maximum errcrs of 15 feet per second can be expect&. 'Be 
d l  storage space required for t k i s  methoc? nakes it particularlx use- 
for the  onboard conputer ( less  than 100 btorage locations). 
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A t  present, it is 30% h m r n  which of the tw methods is nost reliable.  
Hovever, with t i  small AV pad, ei ther  one &odd surfice. (Either method 
is  sufTicientIy fast. ) 

It should be point& out that the only restriction pleced upon these &V 
requirements was that following OAMS t h rus t ,  the  spccecreft achieves 1.5 
revolutions. 
irregular (typical orblts indicated on figure gb) and ray violate other 
spacecraft limmitotions ( i -e .  heating or retro ccbpabiliry t o  h i t  a prescribed 
recovery area). Preliminary l imits  for these conclitions are sham i n  figux-e 
3. 
more cc0np;etelg. 

Some of these orbits fran nonnaninnl t ra jector ies  are  hichly 

Considerable e f for t  is presently being e:qended to determine these l k : ~ c  

CONCLUSIONS 

Mode IV boundzry fo r  2 nccliml trajectory using two 8k y u n d  aft thrusters 
for 400 seconds beg-& zt VI = 25,210 feet  per seconz (saithsollian Ra. 2 
atmosphere ) . 
The l o w  acceleration obtained via the O M S  as used i n  lode IV ~borts results 
i n  significant c w e s  relative t o  SECO con5:tions i n  vdooi ty ,  fli$t-p&S 
angle, aid alt i tude.  

%TO methods f o r  predLcti-n& required OAMS nv i n  a Mode N abort have been 
developed. 
small velocity s d  Tor grounc't caput inc.  
board S/C c a p t i r i g -  

Either one shoufd su-'f;-ce Tor Real Time Cccp&-er l o g k  d t h  a 
One may be qp l i cab le  t o  on- 
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25000 25100 25200 25300 25400 25500 25600 25700 25800 
Inertial velocity at abort SECO, ft/sec 

Figure 3. - OAMS AV requirements for SECO conditions. 
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Inertial velocity at abort SECO, ft/sec 
Figure 4. - Insertion ccnrlr-tims for aborts Erorn the nomind L-i~nch, trafoctoq-. 
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. 2.0 

1.5 

-.5 

-1.0 

-1.5 

25100 25300 25500 25700 259% 

&inertial velcxlty, ft/sec 
(a) Altitude of 93 nautical miles. 

Figure 9. -AV requird for 1.5 revoluttons after nominal separaPbn sequence 
(84 pound thrusters). 
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25100 . 25300 25500 . 25700 25900 
Inertial velocity, ft/sec 

(b) Altitude of 87 nautical mlles. - 
Figure 9. -Continued. 
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25100 25300 255W 25700 - 25900 
Inertfal velocity, ft/sec 

IC) Altitude of 82 uautical d e s .  

F e e  9. -Co~&hed .  
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